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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide with good 
reliability, high resolution and throughput an extremely 
a feature size smaller than 0.25 micron method by 
applying a couple of physical structure with respect to 
basic element of an electron beam lithography exposure 
system and range of the combination of operating 
parameters. 

SOLUTION: An electron beam projection system 
comprises an electron source 19 of high emissive power, 
an axis-variable lens 8, a curve beam trajectory 104, a 
reticule 204. and/or target movement in double scan 
mode. A target and/or a wafer 224 moves constantly in 
the direction orthogonal to beam scan. A high throughput 
is obtained in accordance with 0.1 ^im feature size basic 
rule. Here, a column length longer than 400 mm. beam 
current of about 4-35 jiA, beam energy of about 75-175 
kV. sub-field size of 0.1-0.5 at a target in optical 
reduction factor of about 3:1-5:1. a numerical aperture 
which is larger than 2 milli radian (3-8 milli radian is 
preferred), and a scan length of about 20-55 mm. are 
used. 
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0 4, V'3'9)V2QA. 43j;U:/^fctt-B^S^;-H 

^, 4 0 OmmiO:;»ctVi*7Afi, ii!t)4~3 5 m A© 
fcf- A«8it. ^75~175kVOf-A - X^;U:^= 
iKiS : 1~5 : \(n%^^Wbmzm^9-fy 

hToo. i~o. 5®-y-:/7-r-;uH • ■tJ-'f X, 25 

PgPl^. t3±i;iKj2 0~5 SmmO^^ftSrfflVi*, 
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1 

i:-rs«^t:-AS]^SS. 10 
iKiO. lmm~i^O. AmmH^^Ct^i^mtt^n 

iKjO. 2 5mm~iis50. 5mmT*-5;ii^&it#Sli:-r-5 
1 IB«c©tt?h'-A«:^gfi. 

0«^H-ASi^gfi. 

[»*]55] m(fatt^^lf-A0fi3/4^'>;fS<i:t4 0 0 20 

mmTS ^ r t mwL tt^m^m i tE«©a^ tf- a 

im^m 6 ] MEIl^ f- A 0g ^ :^i'>;5: < t 4 0 0 

mmT^s ^ t mwitr^mMm 4 is«®«^ t-A 

[if 7 ] iKi 5 5 mm(Dfi±^»fi-fe<& #1-5 7 ^ - 

• it-f XJC*5fcoTWK«?lf-A*^S-rS^® 

-Aftig^B. 

[i»*«8] iK)5 5mm(0ii;*:eier^SS:#TS7-i'- 30 
;i/h* • ■t}-'fX(ct)fct3TMffil:?f-A<^^g-rs^g: 
etCfilAS H i:$<t#Sl<!:1-5tt*3R4 E«0«i^h' 
-ASi^ge. 

im^m 9 ] *?J 5 5 mm<Dm±im^&^^t^ 7^- 

• •9--rXlcbfc-pTWK«i'tf-A*^fit-^#l9: 
$ ^ tcii^s ;i t ^i^Wit-r^m^m e H 

-Afii^gg. 
m^miO] *«J3 : l~iK)5 : 10, WE^'-y-y h 

g*$5{Cti^5CtS:#mfr^iS*«lK«i©«^ 40 
t-AS;^gS. 

^<^mtr^m^m i i2«®ttTh*-Afe;^gB. 

12] 75k V~ 150k VCSjDjittffiSr^A 

iis*«i 3] mi.^-fv v%:wm\:.%m^^^ 
h,mmm.. 50 
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2 

Agi^gfl, 

[«*^i 7] m%^v'f-'?y\/-^m(r>mmzwm\zwm. 

;^#«?a$r^?,tCltA.5^:i:S-#m<i:-r-5«*fll 3 
l2«0«^f-AS;^gB, 
[»*«18] 'JVi/^7-<-g)t^fT^tt?b*-AS 

^-y-y h0S»0;^[fiitcit32tT«^f-A$^a-r 

ifgai/^'i'^l'CD-gBtt. 2 5U7i^7><fcO:»c 

#ittf5€i^f-ASi^g@0ilf^m 
[»*S1 9] iKl5 5mmO«:*:SI»r^-ft<&*-r-57-f 
-^I'H • •9-'rXtCt)fcoTffilfBm?tf-A4S^-r-5X 

tt? f- Aai^gB0iif^;&fe 
[W*«2 0} ilEg)tXx-yy?&. *<)4~*«)3 5V^ 
^7 □ 7 >'<7 © k- AmffiTff ^ r <i: t T 
fll 8E«W«^t*-AS;^gg0fifP;^& 

[0 0 0 1] 

)M7.^i.u%wm^(r>m&\z^\^. m\zn.=f\L-h\z 
- ' •:fa-t7.iijzUy-)Uzmt^, 

[0 0 0 2] 

i'p©uyi^77'C- • T'p-fex^^iji.-rs^^ns. u 

hkUWfl^KO^^^^^SXx-yT'TiS. «£oT. uyi'^ 



( 

3 

[0 0 0 3] ^<=>\z, m.tEii^un^<DM^m^<0']^-$ 

[0 0 0 41 tieoT. g|S±Olil6]tLTtt. iHlj^X^ 

«o^^a^is«. i^ssi^^ (Duv) «ie 

1 3 0 ~ 1 8 0 nmOft/h/t^->^te?:nItlfr-5ft 

[0 0 0 5] ^:®7^'-9"^---t^-'fX'®IE#«:*0S 
^i^frSi^t??;^^, ffiiS^^i^ (EUV) ■$ib\Z\t 

[0 0 0 6] tti't'-Afi, b-A©jfi<«is#fcj;r; 

^oV^T, 0¥C*3fcoTjg«fc<J;iLKW?^Ci3ttS'J 
Vi^^^-f-CfiJffl^nT^fc. 'Vo-r' (pro 

ve) t\>^omm\t. n.'f\f.-h.tim^%^miiyi.\z 

t^y V^9-fv \'\Z^^-t^Z.t^7tit(D\zm\^^<^n 
fJat)^ "\f^-t)V (pixel)" (U*^U. im^tc 
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4 

«, 0 0{@©t!i'-tr;i'*^tj;i<!:*<T#, "tfir-b 

[0 0 0 7] MiilcfcViTtt. yn-trx;c±os*$n 
^^J;:Ummzi::s>-^Umii<D$l^ii^. ^7.)\>--fv V 

aSiCDSI^ ^ffl U V 7 7 -ffl ® A iS' -n > if $ 
20 [0 0 0 8] yo-T'J^figggWT.Jl'-:^-;/ N'VO^ 

M^gsnrsfc. i©«?f-AS 

■^WuXyXm^mz^m-^. ^/h* (demagn l 
f i c a t ion) OfiEffltt. IfSlC/h^V^^^- -^-^ 

1^75^4 i;t< -5. iRMolliEtt, :;''n-:/jgfig 

g@(c*5(t-5±'5J;:, yf.o^L)]/%\zi^oz.t.\tx^-^. 
i^saS-mkommt. s o x i e ^vnxn(nV^f;MZ% 
JS-r-57-f-;i/H (4 : 1 2 0X40 

mm^-f /-i^fCffla-r^) 0. 2 53i7D>iJlT 

1::. *y-KS^iSom^*S:aiffll±, ^?i^;UC'r;^- 

[0 0 0 9] «£tjT. -/7x'f 77- (P f e i f f e 
r ) ^©*H#W^ 5 , 4 6 6, 9 04 

bx. b-A«ii5<0SftSffiia$-i±, 

NEo§-9-:/-bi7->3>Sfctt-y-:/7^' 

50 il?gaBS©f^^i:bT§lfflSns. yn-:7jgjKg«ic 
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5 

(S&R) TXTp-yhS C/D-yj^fiESgtCioTJ^ 

^ ^ _;^ stti^ 1 0' i@© t; i' •t^i'S:MfT UTSJt 

[0 0 10] tt^^fc*-AS]^^Bfi*3ltSfl!!<o»*WJi 

^^x-fyy 5, 6 3 10 
.3, 5 0 7^?^ffl»l'iB5^StlTti5<fc^fe«^t:--^ 
ig«j§i:> '^h'J-yi' (Petri c) (D^m^Vf^ 
5, 6 3 5. 7 1 9^9!iffl»lC|g*SnTVii.<t^;S:« 

$n«.. *ffl^WfflS«0 8/7 6 9 0 8 4#. ^0 8 
/7 6 9 04 7#. m0 8/7 6 9 0 8 3#W«li#tt. 

tbT?lffl$n?). '^h'J^vi'ro^liH^WS. 6 3 5. 20 
7 1 9#?^iffl#lcM*$nTV>5ft«tt«)fti15«« * 

[0 0 11] ^6>1'< W^'i/MCiJttS^^ti-AO^)- 
TO. y7x'f 7 7-^®*B'KfW5. 6 74. 4 1 3 

ft*«il«ltt^ i:ia5iz:-rsjai!jD3i«ffi*ffl ^ i:*^ 

ff^LVi. iKil 8 OkVcDlSl^tt, V'^i^)l'^ft\t^x. 
[0 0 12] <il^Sfr^l£MS-ti:. •:7xA-±OJ:0;»: 

■7 X A- ® 7. X «y :^Sl t l'^ -'I'^a^W 

tinmWif)^^ Xr-f y yjV (S t i c k e 1 ) ^S©*H 

4tw^5. 4 3 4. 4 2 4nmm^\mm^nr^^^. 

fc*t. w^!?Jl/$fcl*'7xA-OXr-v'©^WW« 

n)^<Dmmf^5, 1 40. 2 4 2#?«ffll*ICM7it 
snrv^-s. ^^;?ji'i3<to:'?xA-oJnji43iy:ja^ 



#HSF1 1 - 3 1 7 3 5 3 
6 

«. Jf®Ji7l/-A«iii*<. ■^>H-;i' (Kendal 
1) ©7|4H1t¥Fm5, 5 0 8, 5 1 8#?^ffl«lCW7P$ 

nxi.^?). in^3o©*Ht#wo±Ttt. *s?^«a» 
[0 0 13] tti^f-AS]^Sfi©:^n^»*ws*o 

oT. 0. 2 5 5i'D>tfettBlflH4i:tT5 5.{C/h^ 

i 0 7 -v - • •tJ-'f xa*;i^-^i'*^'^* 1^ 

/J>$. k-AmSit, k-AJna«E. k-A^^iKH. 

BiaSc, •9-y7^-;i'H -it-rx, i/^^^ji/iJ.tr^'fx 
A-®;^x-v«^«. f-Ai3J;r//*fc«k^i7;v 

[0 0 14] z.nfb(r>v\y-Y '■tyo^^'^timt. 

i;:nilgtt<hbTofiii©5^) otn^nowsi^mto 
%^0m:s.mff>m?)-^i^'^^'ofs.mmzmfs-^^^ 

?febTV^S. CODCtH, 0. 1 8 iim&.T(DW\^^& 
(CD) fiE^fiODSjgS^^V-JU'aabfc'J Vi'5'7')' 

-iig*snsx;i'-7'«y h, ^-^-^'v-^^*. y 
ttc*fbT. mttxmm\zu^, mv>gi^n«, o. 2 

5 5 D yS^)V-)V^ 0 fcS*T/h^ V^7 ^' -^'Y- 
^■rs. ^©JStt. J!iSblc<i.>8:*:^<«SlT. «® 

mz\tmmmmmts.^^> ^mmomm-:^ 

iO -H®±T^^tJmi^f-AS^gtirottfl6»a^BW» 
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7 

[0 0 151 «ai^«. "RS ((5l-^gfm^<^FB1Wi7-□> 

[0 0 16] mmiz. M\^m\t, m?t:-A©^«<i 

[p](cJ;OiiJU0-rs«|S]CfeO, *3ctUtJ;i5;»ct^«7t7 
^-)l\'>&ij/^--r^ (J;0:;«c#i^tg7t7^-;UH$, 

[0 0 17] m-jX. OT®-t?rS<»-r5Ci:A^T# 

□ >J;0/h$Vi?^iCro'JVi'77^- • :/D-tXi:m*- 
|(,f^A7>^-^tt. ±<fiB#-C«f<t<, *bTgjiftlC 
§Tt-5X;i'-7'-y h©iltJ$t-S!fr?.J:0/hSVi7^ 
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^(Diia*-&to-a:®fiica)^&«^tiEb<tt^ SbT^Tt^WB 

[0 0 181 A-;y- (Be r ge r) co^ffli^if® 
5, 3 8 2, 4 9 8^WiM*TW*$nTVi-5;iOPo1g 

ffisf^ffl«sc*jg{e.b, -:^Ttt^^f-AS]^'jv^y 
7 7^'-4«t;0/^^^^:^^l'J^lM^■a■. x^-y>yi><^ 

B!t#WttWaibfcJ;0t)75^?S0;*:tt^7'i--?A'- • 1^- 

(0. 55i'n» :^StCTObT*f3, S«T-0 
1 OmA/cm'OJt|!(Mfil'^t:-A«Sft^ST:tt. 
-a>i|SSf^ffl®fiStC, H^f-A • *5AlCttf?jO. 

7 ^mo^^um'^u^^^^t<r>mm^'^^^^^t 

■r-5^W?!)^i:®FBl®t;-A • X^Jl/^— 
j3j;i;f'7xA-®lftlSft<!:, ^I^3l^*<fcr^3*tt^<t 
Sr. gJ^ltgiiib-r?.. HXJUB#FBl®iHSi:«*Oigb^ 
SOffiffltti. A*-^/-0#lflci3V>T?iJffl$n. SjS: 

lA-oaijus^bT, '?x/N-T'0'f/— :^®«tt 

$[ajhb7iWtl«?5:^J5:K 

[0 0 1 9] A'-:y-®!^Wi. 0. 5 5i7D>-7^ 

sn^*'>^cO'h$Vi7^'-5^r- • -i^-'f X:&S:(c*v^T 
e.-r*ffi^ffi«*bfevn A--:tf-©!Kf»tt. 

7^- • :/n-fexo>«a]*^stiE-rs*fe<'ab5t)OT 

*bT-?'rne®:5^t-*5<'^TS*$nsS;*: 
[0 0 2 0] 

>i 0 t)ffi*T/hSv^7-< -^-^^ • ■y"-<X;^^tcMb 
10 T+^)-/i»»S^£WrS«^f-Ag^'y--»l'Srg«T 

[0 0 2 1] ^:<D^B^<7){l!lCDgMtt. m^t*-A • U V 
J;0;|(lf^A7Pt-:J'©©ffl*ia*-^*5-a:-C4;i. 0. 2 

5 5 ^ □ >*i{;«k 0 fcffiii&T/hS U7 -^'r- • •y-'f 

[0 0 2 21 

50 <tfiOgM«r^«-rSfc*l'. 'JVi'7 7-i--e3tS:fT5 
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\/^mo'S^'V'PU<th^O. 1 mmO^»i^ft€:*TS 

i^ili^^-v'Tg3trsSgtSrji;^TU§. 4 0 0m 
mckl3:*:€Vi*7Aft. i|«)4~3 5uA©t*-Attat, 
*f)7 5~ 1 7 5 k VOh'-A • X^^Jp:?-. *«J3 : 1~ 
5 : Ico^t^Wifig/h^T^-y-y hTWiKlO. 1~0. 
5mm®-U-y7^-;H-* •ii-'fX« fiFii(C«3~8 5'J 10 
7>'7>®Bgn£c. *3iU:iK2 0mm~5 5mm©^^ 

(0 0 2 3] 

fF^5. 5 4 5. 9 0 2^^m9•v^m■^tlT\^^^'h<o 

«, ill2?iffl$nfc*H#fFm5, 6 3 5, 7 1 9^?^ 

[0 0 2 4] 01 (CS^StlTI^^Si'StC. tt^-iEl 0 
tt. 5!«tf-A&BSI^Mn2 Olci^nitTttHiL. ttiism 
JE2gl2i:. mS=i>H3-7l 4tl'J;0ft^^n* 
x^;i'^-SrWT2.m^t*-A&^^T«.. MP 2 0 

SnS^«[k*-A«, gfilA 1 6 ®^ D C*f»T% ta« 
v'dil/^'i'JUC^fiK^tlS. U^i';KC*(-t-5M0 2 0 
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[0 0 2 5] (iIfiJ8S3 0«. dlSin-l'Jl'geS 2<i:3 4 

€-5. i^TntcLTfe. iii6]S3oi±, sirB^$nfc-*t 

©g|lTfilP£$ti?.. SSlttii 6 lew 

/ifiil/A^igKl 0 4(C(i|6]t*-AS:M-rfc*{C. (1(6] 

X^r-;i/$n^) . 'iSt-oX. fHUi^iiKl 0 4tt. 1/ 
5^^;l'2 0 40)i*?^nfc-tJ-:/7^'-;i'h*t3^St--5. 
ilK10 4«. M5l:±l^?i'^l'tti:»2nS*^ ^Offl 

[0 0 2 6] l/g^i/;i/2 0 4®®(Ct*-A^7:l--*X 
T-5l'>X4 0«, «FSU<tt«I^^W>X (VAL) 
Xh^. ft'b»*b<ttttnI^gi«^>X (VAIL) 

w^vyxx\t. mV(-/v^i;M)\ v>x^ 

«J657*-*-»i'- 7-<-;i'HII*5l.iT}!fiilC "S 

T€r. i/f-^;Hii/>X' 7'f-;PHfciiS^ftiSij:>s 

[0 0 2 7] VAILti. $fSU<«±gB<hTg5©iKS 
4 2, 4 4i:, tti^i)a-i7 4 3, 4 5tSr*T5, V 
ALiVAI L^'fy©U>Xtt, SiR±;5^-C$)0, 

MaufcMJ?W(iifi]icSEoTi/5'i';i/tti 0 4ic-sc-r 

■2.0 W^W}3-C4 3, 4 5tt. <i|^]H^>f A*l StCi 
?^-r«)g®©S^®<lfi®^«^«> X-Y<i|plH7'f A*l 

-:J'BatS»Bi 1 0*3J;OJ:3>ha-7 i 0 Ofci-^T 

[0 0 2 8] L/5^i/;i/2 0 4±T®«^t*-A 1 0 4® 

7:i--;f;>'>:^ti. igp2 o®-rp<— >'Tk?^;l'?rBg 
;i0WP<o-y-'fXii, ^'f■i/;^«•t^:/7^•-;^ 

€5. i/^i7juo-tf::r7'i'-;i'Htt, mM^^^'^itix 
fta^^ns) . tf-Attw^i'-ii'©A^-->i'i-<ko 

50 giJt^nS'f P^-i^l-iS^je^tl-S. lf-A«. U>X4 
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II 

OT) 7*-*->>i^»Ci^§*4A-5, 
[0 0 2 9] teO0l6lS6 6tt. H^MO7 0(CMSJ; 

mt. 8 OT«'&WlC^^n-S)S^0H^43J:y^Mft;E 

gtt*<t?/MP7 Oi©J^Etttt»-r5, ^^--Jl/H 
if ft. l^^iRM, ii|fl]g6 8tt. If-A* 

f-A • *7Attlc¥ff t J; pSK 10 6 (CMT. 
<il6]g|6 6. 6 8«, 6 0-C*^WI'S:^?nTV»So 
[0 0 3 0]®g5 2, 5 6t, tt^t!lSi^Sfc«3- 20 

titoT, mm^izmm-^n^^oiz. ^5"^';^2 0 4 

«. U>X4 0rtCi*«;S<)tcEM$n-5'£^S)^:^t<, t^iJ 
A«U'>X4O0±fiit(tEB-rscii:!5iTt5. t>-fn 
I'UTfc. l/>X4 0t5 0tt, z:fil/>XtbT«tg 
rs, l/^^;i'2 0 4(cJ:0/i^-r:>i)'Stife«^tf 
-Att. ^-y-;/ h • ':>xA-2 2 4±JCS]^^n«>. 

ui^mf^^^^t^&.m^iibmmr—zfji' 2 2 2 ic<fc o 30 

[0 0 3 1] iFaiLfc-fiS®3'i'7'OgB(Ci3liTli. 

4-o©i'7X«ittti^(SSH*^a&s. :ine.SHtt, a 

^f-A^j^gS (EBPS) ^ifjf^UT. §^nrtg!^£ 
J^JP-y-;/ KT, 0. 5/0. 2 5 5i7D>" 7^'-?' 

iESgtritjT. f-A • *5ASrjiSafflW/j:flltJ;3 
iigSlC. I^^IC, b-ArtlC^T0^ttia^«:^SJfrs 

[0 0 3 2] i&mmmmmo'A<D2-o<D{7 7x\t. 
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[0 0 3 3] %HJ«li. ^©Ct^fg^Ufc. T^&b 

&<Dm\i. ;ine)4-p©5'7x®M«SH«jia[* 

/17^-^ («^f-A • *7A*i:i®/h^, If-Aft] 
f-AmSit. h'-A^^ieH. MP», ■«ty7 

g]^gBCEEfiScr-5 EBPS >y-;Kox;i/-:/<y h (c- 

gc-rs. 0. 1 8 wmK±07Y-5^-\'- • it'f X:^^ 

{cMTSffSMwSSBtt. itbx, ^■<0A7^-^' 

tctJ ^Sc©^5)^ft!i0 A 7 - ^' T$) S 
[0 0 34] ^-f. ;io»w©S«oiif^^-H*J:y^ 

©^•&0i^Tiif^-rso*W)iTS&5, i^ic, t-A 
i7;i/ttx*[6]tcit32TS*(S] («3JA«. x:^i6]ic*tt5 

tf- A(i[6l-r & t> ^SIBH C J; o T^^id $ nfc Y 

;p-C© b*- ASS® ffl tgg© 'i' X A-TCO f- A 
^|iffl#ffl=^4 3 4. 4 2 4^BJiffl«t?ift?^$nTVi€.<t 

m&-^mki:.-^m^^tzt>\z\t.. t-ASSiJii; 

[0 0 3 5] 1x5^^7 ;i.i3j;Ut^-y2; h©jgS«. V^l* 

n®®^ic*5tiTfc. f-Afiisjjia^icit'^TffiiiT* 
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idii^tc, h'-ASWi. "Xh^^y (s t r i p 

e) " ^m^t^o xhy^y'<Dm\t. t:-A^a«a 

[0 0 3 6] -:;*:7ct-A<if^7^-j^HjO^^^{c«ifi£^ 

7>H • Ufcf-h (S&R) Xx^> 
yFp1<55Xx--i^t::II^^Fa^&#x^coic£^^&7^^--;i' 

mt. fm\zm^x. mmhtz^oiz. ^ij^a^xx^ 

7X^-^g/i^->ic:i^<Xx-v<o256-r&t) 20 

[0 0 3 7] mt^^^oWi^WM^m^^^t. 

fcO*53 0<iC7) (2 0 0mm) 'i7xA-(D0'J^W?iX;^ 

(DM.f)^^M.r. ^^ipjfigTfe^o Li^^L;^?^^^. 
^;i/(Ox;i/-:/^y htl. '^'xA-wt^^/^^a^i^^St 

[0 0 3 8] comMommomi^^f^^^ 02 
<h0 3icS':5i/^T, mizmmt^o cti^mx\t. 

(^^-i^mfB. -YZ-v^^i^D, x;i/-y^yh<hb 

tx$>^. tuto^^ MmmmtiSi7.)i-':^yht<Dm 
\z^»^^p)<D-pjmmt. mmi.rzmmzmiB:-r^^ * 
rz\m^^m^^t. mL<wpr^. ht>^/v. 
&.±<D/^y;^-^t^. »mtmn9vxmmti^ct\z 
-::>\^^x<Dmm\t^mx$>Ki. m<D/^y:/^'-^0mmz^ 
oTfrbn, Lrzt^r:»xW)&(Dmmt. £;T<7)i«?^S:a 



tz\ty.)\^'-yyhf)^^^'^mx$>^U^^i. ht>iAj:k 

t<u^x$>^o. ur\zmm\zmmt^^o\z. 
^-^(Di^\tm'^tz\m<^^^t^^ mmu^^^^-\^^ 

[0 0 3 9] #^T^#CcOct^?'cJ:A7/-^'0*?Oco 

:^)]/^-tm^n. \^^<'oti^<D^m^n^\z^^^tiU 

o\zmmt^z.tiflx'^^^m7.)\^-':fyV\z-D\^x 

[0 0 4 0] ^mz^^'T'^t^Ltyi. vv7.v\zn^ 
-> • y -^^-^'Amzx.y^y^t^z.tti^m^ 

\i^m\^xWL'p't^^ttm^tix\^^. -si^^Ati 

0 2c7)ttlS2 lT^;^t^^i:•5fc:*^)- 
l. eomST^^bT^o b^i/^b. ^-uyim^^m\z 
^^\tmt. 02Offl^2 2tCJ:D^$n^<t'5lC, ^ 

0. %<DW.mx\i-hwmz^y)^i^'r^<Dx. ±W(D 
m^mt. ft]5iiiJE(7)2«Ta»$n^o t^oxxji^- 

irvV\t. ^30ft^2 8T^$n^J:3lC, ^fi^S^ 

[0 0 4 1] K-X«=I*T/F 
;iCT> I-t:-A€§ft. T-87l6^r^1. F=^xA- 

^Mffi-r^t, xjiz-y-y hTPti, i/T\z\tm\^. 

\t. TP~VCZ) I -V'TS^o 
[0 0 4 2] 7 5 kVOt:-i.}ja]i®EcDTPStt. i^" 

t&i^mt. ^7xA-««75^^A^-><s^is 

0, ^7xA-[^<oai^li, mJ£tmzm:kL. il£oT, 
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5. (»£oT, 7 5 kV<i;075^:/S:D/hS''iJinii«IEtt. W 
[0 0 4 3] 1 7 5 kVO±IS*^ W^b^S 10 

o ©tt. -> 'J n >{c J*-r-5^^ ffl y <y i' :t >x:^^;u^ 
-tiiKii 8 0 kVT*o, ;i©x^;i/^-T«, 

hDXi7XflJtl-»«*iO« (GBP) ^©riS 

*^*fi<;&-5. «£-pT, 17 5kVtt. \d-A-X:^)V^ 
[0 0 4 4] Sft, S«#tCtt. ^*CfflCi:*ift]^nTV^ 
ffl$nfcA--:tf-0*ffl#ffm5. 3 8 2. 4 9 8^?^ 

-Am8it®*fji!^tffiffl«. 03tOffiiSf (I) (CctOS^ 
$n-5<kOlC, 1 0AtAt3 0MAt©FBllC*5t#A 40 

Ktt. 1 0 0 kVTtt^0i:r5(giftTttafe5d^ 
WISIfT*5i:S*?n5. iMC/cm' Okv'Xh^ 

7;^-^'icM-r.5»taw/s*f^T-cs*$n. 5o%a 

^->^« (^i}7--<-:f' Wv?XhtCJ;5ffiffl/1^-> 
K±®2 5 0 /zm®-9-:/7-f — JH-'T. fi(I^Ufc<fc'5 50 



(C. 3 01@» (2 0 0mmilll) 't7xA-/»$«0il^M 
5/iC/cm' Ol/'v'Xh^St$>t0«<iMT;* 

[0 0 4 5] 3 0/iAO±(Eti, i7-D>ffiSf^ffl, S 

Mj^b*J<tt/0 2<Di$S^;!)McTK-rs 
ft^2 2lCj;0S^2n-5<t'5»C. mat{Ctk0«bT^^>il 
O^-g). 0. I umtf^t>*3\QQr\m<D^h^\V^^- 
1 o%l^^c«fcta^^^ce.:'S;^^. no^frti, 

n-SairaJca^ViT, 7 0~14 0nmW3 0MA-eO 

■r. 

[0 0 4 6] ST»ffl'^0'J^->tPbTli, ggt 

1 0 0 xnnMom^a m^Jit. 1 5A^e> 3 o At a) 
tt, *t|2 o%®x;i'-y-y hroJiUp (ma. 3 3-3 

C45(t-5f (I) (D]AM$l3^^<r>^^'^^ti'^t)t^^o 

ST©®a$nfcxh7'i':/seNfFBiofc*-pfes. i 

Oiiit^X7^-v^)S»*Sfc. fidftft^Stg:'?. *5«fct^ 
■:>xA- • XT— >^i:®I^Wlc:?v»T05*!£ti;^$-& 

5. ll^C. 3 0MC/cm' ©U->-Xh^STtt, £ 
Jt»$rBl«S^^fBltCf5K^bt^ «Et^T. g)tB#FB^S:<t 

[0 04 7] ^seiC. 1 0 0kVfeJ;U:3 OjttATJi. 

set::, U^^i'jpiCfcliT. BBafeOlckOK 
iRSnfctt:^Jl±. Sc7>y ^iO^)ii5^»;*:€^5©^-:S^- 
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[0 048] ^a£»eH/7 ^ -)v K-y-f x^mmui^m 

*ei^t"-5±^SH«. 03© f (F) soT^^ns 

[0 0 4 9] S^IC. 4: 1 CDiffi/h^Ttt. 3 0^®'? 
lcWbT'J-X:f:/;i'i^<S€©TT, 2 Ommifpfc'h 

[0 0 5 0] ^S|gH®±[SlcMLTtt, ^H^WKg 
(@2®2 4) t±. 1 : 4®m^JC<t^tt^®<il^"^Ji 

5 >;/-;i/'so^*.®;*c^ * ®«aW!4^^b® 

ti£-3T, l/^'i'^HC^ttSS 0~6 Omm®*a 

[0 0 5 1] ■!i-:/7^-;n-*®iJ-'f X (-^®^rai::-f 
-D>tBSf^ffltt> •y-;^7^-;i'H ••y-'fX©¥:&«© 

tt, 02(CfliK2 5-e5^$nTVi-5. 1*1-. it 
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5. i/5^i';i/©:/u^*ttJ:-5.MM»i. a^WicoiteT 
S$l/Vit)©t«#ASnStt^. t^O©tt. 

©^{bi')i;s:T5*^e.Tfe?>. fiftjT, it:/7^'-;i'H 

• ■y-'T X©ff ii^t±ffitt, *«J4 0 0AimT. ^fsj^WiR 
[0 0 5 2] U-:/7 -JU H • ■y-'f X$5H©T®ttS 
(SF) 3 1 tC<tOS^$n?)J;3(I. x;l'-7'-> 

i:vi^®tt. 5^-;^yrt®+)-:/7^-;i/H®Sc 
tt. i5">yy$fco®^*sn5S7t®sc. ^^uim 
)tfefco®WjiE:-rs:t-A'-'\5' hb^FbI. ti£oT'y-;i/ 
®x;i/-:/2/ h©8t€MHT*5dieT*s. se.tc. 

K©}»ife$@jg-r5©(c+^)-;fe-^«ffilc** 
UTtt. id^tfci^ic. •y-7'7^-Ji/K--9-'fX©M 

^Ja:*:^*^ (02T:&*^e.£fc^fT-r*tt«82 5t;:J: 

o^snsi^it) . «£t)T. ■y-r7^'-;pH •-y-'fx 

©^ji^iTKtt. *>) 1 0 0 Mm-r:^t)-& 0 . 1 mmT* 

st^A^ns. ^f?.tc. ■y-:/7^-;i'H*^M'>T5(r 

*^iliE'>TS<tOt)3i<li;»cb, ^ilXO. iSMmiO 

/jns vi7 -5"^-© u y i''^ 7 w -iciM-r -sam^ 

■y-:/7^-;PH ••y-'fX;S^ii!31 0 0/imi:40 
0~5 0 OMmi:©RgiC«HtSn;&l/^i^e«, 

ti£^T. c©7^'-5"v- • ■y-'f X:&S(c*tts- 
s®ia®tttgsfrc*fbT. Sjg;^-y-7'7-Y-;i'H • -y- 
-fXtt, e:n^®Klfrtt?^^$n4a«;5:^fj:K 

[0 0 5 3] MPl^tt. -i^xA-tCfcJtStf-AiRm-fe 
57>'i^-'l' (semi-angle) tUT^il^ftl. 

iRa®iS5fe?*ttlciOMBiJW(cSt^$n5. -^©tf- 

ffltt, 2/3®S^TMPS:t'**>t-5-Etl:CSJt"'5. 
{K%\Z. jia 2 5 U ^ v7 > J; 0 /h^ UiEli PSctt. 

t^Ai A<t 0 /h^f v^m^T^fsj^wiKS^/h^? < rs©ic 
^mw^tdiim 5 0 Ai Ai 0 /h^f v^-y-y7 -;u H©a 
C'ij>s;/i-y-'rx®m)®®sjt(c«^s^T*s. ) '^-o 

«:;!i<2J;0:*clr<, *o»v^eBl*3tc»fcn)&t-tn«. 
«««®fP$Tl?/<tt^}*^j5<4bS. $5.11. Ji::*:bfc 
MPS (NA) tt, ^^Jf* (DOF) <Sr/h$<-rS. 
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[0 0 5 4] E' =E.' + (2XNAXDOF)' 
v'*! (^ft\tmf) TJb?.. 0. 1 nm<DXy 

[0 0 5 5] zni^oiR^o^m^t^t. mm-fs.'bo 
tz^n^. cn\i, MiB^iffl^nAc^RH^ttms. 6 3 lo 

■5) Oll^!llT<^*SIST^-5o 
[0 0 5 6] S*W(ca5?S:SBtt. U5^^7;|/i:>:7xA 

A--(cfett«f-AOJ;0:*:€;^»f®tt, -5t©gB* 20 
[0 0 5 7] :i0.^tcHUTtt. 

Sen' s^teTS) ;>:oM^^;4<#ft-rs. 

[0 0 5 8] B= I/E' 
E = F''' XNA 

j = l/F=l/E' XNA' =bXNA' 
dClC, B=»«. E=J5[WS, I=m J=«8it^ 
NA = MP|SC. F = ^'-';/'u/ hTOt'-A»f®«S 

[0 0 5 9] 3t^wffi/WiSfc. ns/h^tf^-a-en. 4o 
4:1® mm(D) m'bm^'^'btvfzm^^f^mm^ 

SnS. TEH, ^3 : IT^O, rn«iS»«STU 
^ i7 jgjsKT -5 t ® Si L- ^ (ci 0 lifliJ W IC^* n 

it (tUt>^^ i^^(Dtlyh.^<r>\^thE\Zt>tz^xn 

[0 0 6 0] *55 : 1 0±[S«. u^i; )i0t^mzm^ 
'iXiz^r)±iz^^^ni>o Htia!bfc^s^gH©f@5fii so 



i; )V • X-n-''^(D9y:fW$.^i)n-r^it<t\z% 

^&iWh\z%mmts.Wi^^isct. 

[0 0 6 1] i7-D>ffiSf^ffltt. ^<*rot:-A-*7 

^IC, 1. 3©S«TH:«9JbTii;>c-r*. ^M^WiRM 
li^fc, {i[B]iRS*^M'>-rstI>Tfe, 1 0 0 OmmJ: 

tfi^K u>x-y^--)v\'<Dmf3.K)\t. msoi±»9i 

[0 0 6 2] ilE?lfflU&*a4#ffFm5, 6 3 5. 7 1 

fi£T-^-5Se®*/hOlliSMfi:$tt, *?]5 0 OmmT* 
SEBPSifjf^tt. 0. 1 8 Mme^T«7^-5^V- • 
#-5X;i/-y<;' h<£Wrs«^t:-ASi^'jyi^7 7>i' 

f-ASffi^mat. ^fiieffl. MPStc^tuTfflVisc 
jgmt'-AmssiJiixmEigHW, HfliJ 

Ml' ai^£ 0 0 ^iS^fJlgHTi^V^ <!: 5 tSffit ^. 
A^SEt x/N-/ i^^i' ;i'Mji*|6i(Dit3^:;&[fi]tc J; 
[0 0 6 3] r©^W&l'P©ffjifj:^JS0iJtCJ;OiftB^ 

lit*. ^^#«a«-rsT*5^. 

[0 0 6 4] StfetUT. *^H^©«lfiEltMbTKT 
(1) 'JVi/57^-E)tS:fT5m^^tf-Afil^gfi(r 



( 1 

21 

(2) ^7xA-T«mE-r/->?®^»f^}i*^ *^o. 

(1) fCiee®l^k-Aa]^^S. 

(3) ■?xA-T-®iiia'r;^-v®#i»f^a*^ mo. i 

2 5nim~*50. 5inmTfe^Cli:*!HflSiT5±t2 

(I) CK«®m^k'-AS]^^®<. 

(4) sijas'j^i'y^-^^ssu^i^Txoiefflic* 

^BBPS5#T-2>^t^#mtT5±f2 (1) lcl2®® 

(5) B((IBtt^f-ACOfiS75«il>/i<tt>4 0 0mm-r 
*5;it*!Hpmi:t-i)±ffi (1) lCtB«rott?tf-Afi 

(6) t(||3«^k*-A®SS*«^i^<tt)4 0 0mmT 

&^::t^<l^mtr^±m (4) «cl2«S©«^bf-AS 2 

icii^5:it^#fttTS±ta (1) (clEicom^^t:- 

( 8 ) iK 5 5 mm(Dm:kmm^i^^m-r^ y ^ h • 

lC(i;^5^t*!t#at-r-5±l3 (4) tcEK^Si^k- 
ASi^gS. 

( 9 ) »5 5 5 mmO«;fe«t»f^teS:*-r-5 7 ^ -JP H • : 

■y-^ xctDfco T k- A ^sr^SE-r s ^ ^ 
A^^^e. 

(1 0) *!)3 : l~ii^5 : lO, tJIB^-^-y hTOW 

e(C<iAS;i^:^#IS!i:-r5±tB (1) icEfEOmi'lf 
-AS^gg. 

(I I) mBm^^mt. i^4~m3 5-7^!7a7>< 

i-r^±E (1) icffiScOm^k'-ASi^^S. 

(12) 5 kV~l 5 0 kVOJaiimffi^^^S^SSr 

^i'«A-5::i:^#i5<t-rs±tB (1) iztmomi- 

(13) m^9-fv v^wm\z%is--^^^^^^\z 

il;iSJ:i:*#mi:-r^±ia (1) ICfB«(D«^ k-A 

(14) Stll2U5^i7;i/4'a»8WlCl!l*^T#SS:$eiCf| 
A«.;it*1tgit-r*±l2 (1) tc82«0«^lf-AS 

(15) m^v=f->7)\'^Winmzwm\zw^m.-^^^ 
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^©<£$^JCtl7l-5C:<!:<&i^ii^:t-S±IB (1) ICIB® 
Oft^tf-ASi^Kg. 

(16) m^v'i-o)\^^%m.mzm'^-^^m.-^-^h\z<^ 

fL^Z.t.-^'^^b.-t^iM (13) lCia«0«?t:-A 

(1 7) t9El/^;?;P<£ttO^0(mgWlClElte$li-i> 
#®*$^lcfil;^S:it*#m<trs±K (13) ICIB 
«c®«^k-AS]^^B. 

(18) ijyi'7 7^-S)t^£ff^«i^t:--AS:^gg 

3SbTm?k*-ASr^a-r-5XT->y/i:, m^ilg'f/- 

tfc^tjO. ImmfiDSIfK^S^W-rsWffi^-y 

^t:-ASi^gg®»lf^*fc 

(19) 5mm®g;*:ei»r-tfe$«-r«7^-;l'H 
• ■ti-'f X(CtofcoT«rtB«?k-A?£^a£f •SXt-^/T' 
Sr$6(C^tr;it4!^Sifr*±t2 (18) \zWk<Ji% 

(2 0) WffiS)t;^x-y7'&, iJ«j4~iKJ3 SV-f irnj 
>'^70bf-A«SitT?fTa;ii:<£«fmi:-r5±ia (1 

8) tciE®0«^k-AS;^gg©iif^:5fe. 
[01] ci®^B^®m^k*-A • uyi'77>r-S7tg 

g®W»fS0T*S. 

[02] €^k*-AS]^gg®a'!r®Slf^A7^-^ 
®. <B«*'v®-)KM;S]^#$iS?^-rsi'7 7T'*?.. 

[03] ii-:/7^'-iPH • it-fX, 7^'-;i/K ••y-'fX 

8 k>X 

1 0 tt^ilS 

12. 14 jDjSttlEiS 

1 6 ^gtdi 

18 filfilh'^-fA* 

2 0 MP 

30. 60. 66, 68 firfilgg 

I ii|pig§ 

3 2. 3 4 filfiin-fjl/ge 

4 0 U>X 

4 3. 4 5 tt^il3-i' 
42. 44. 52. 56 GSS 

5 0 ttBl^7:t-*->>i' • l'>X 
5 3 3-i7 

7 0 H^PBP 
100 

104 ?ftU<t5ig8S 
) 110 ifEx-^IBlSge 
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2 0 4 1/5^^7 ;i/ 

2 2 2 ^m^A^Mv—^Ji^ 
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2 2 4 ^-y-/h-'>xA- 





L : ttMS NA : HDft 

I : A«K R : Xl^a^M/h* 

V : 
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^mW-l 1 - 3 1 7 3 5 3 



[031 




f(X) = xoffSt I 

I 



m)^m^ t^^)V':^y 

7/U*^*H 94588 t}^)y^)l=:^7 

-fy :h>A'-206 3490 



7>^U;^3^*H 06877 a^x^^^yh 
H 25 

(72)^B^^ • Xx^ 

7/U:^i'&*H 06877 n^^^r-^*^;/!- 

D-F 51 



